Abstract-Clustering is an effective method to manage communications in cognitive radio sensor networks (CRSNs). This letter proposes a network stability-aware clustering (NSAC) protocol for CRSNs. Spectrum dynamics and energy consumption are for the first time simultaneously integrated into the protocol design of NSAC. Extensive simulations show that the proposed NSAC protocol obviously outperforms existing methods in the aspects of network stability and energy consumption.
the maximum edge biclique (MEB) based on its neighbors and channel qualities. The weight of one CS is calculated based on remaining energies, the number of CSs and the channel qualities of available common control channels in its MEB. The CS with the largest weight in the neighborhood will be selected as the head of one cluster, and the rest of CSs in its MEB join the cluster as members. The clustering process repeats until all CSs are clustered.
II. SYSTEM MODEL
This letter considers one CRSN that consists of one sink and N static CSs. M licensed channels are opportunistically available for the CRSN. The CRSN can access the licensed channels only when primary users (PUs) are inactive. The PU activity on the ith (1 ≤ i ≤ M) licensed channel can be modeled as an independent and identically distributed random process with busy and idle states. The probabilities of the facts that the ith licensed channel are idle and busy are given by p i and q i . Obviously, p i + q i = 1. Let N i and C i denote the sets of neighbors and available channels of CS i, respectively.
Considering the probability of idle state p i and the average idle duration M i , we introduce a channel quality metric Q i for the ith licensed channel (public information) as follows:
where ε > 1 denotes a parameter which indicates the preference on
III. NSAC PROTOCOL

A. Protocol Description
As frequent clustering incurs large communication overhead, NSAC aims to build a stable cluster-based architecture by considering spectrum dynamics and energy consumption. The details of NSAC are summarized in Algorithm 1.
Initialization: CS i detects its residual energy E i and the set of available channels
Weight Calculation: CS i updates N i and constructs a bipartite
where L i represents a set of edges connecting CSs in N i and channels in C i . The weight of edge l = (n, c) ∈ L i (n ∈ N i , c ∈ C i ) is defined as the channel quality of channel c, i.e., w(l) = Q c . Let S i denote the set of complete subgraphs of G i . The weight of one graph is defined as the weight sum of all edges. Let
denote the complete subgraph in S i with the largest weight (also termed as MEB [9] ). s * i plays a key role in calculating the weight of CS i (W i ). Specifically, W i is given by where μ is a balance factor between network stability and remaining energy. From Algorithm 1, we conclude that NSAC is a fully distributed protocol since a coordinating center is not required during the clustering process.
IV. SIMULATIONS
This section simulates the performance of NSAC. We compare NSAC with CogLEACH [7] and biclique-construction-based clustering (BCC) [8] . One randomly generated topology is shown in Fig. 2 . The simulation time is divided into equal short periods. Spectrum states may change across periods. The basic energy consumptions of CSs in a reclustering period and a stable period are e 1 and e 2 , respectively. In addition, each CH has to spend extra energy (in proportion to the cluster size) in managing the cluster. Simulation parameters are set as follows: N = 100, M = 5, E 0 = 5J, ε = 5, μ = 10 −4 , e 1 = 0.01J, e 2 = 0.001J, (p 1 , p 2 , p 3 , p 4 , p 5 ) = (0.8,0.7,0.6,0.5,0.4), and
.5859, 1.7173, 1.1233, 0.7149). Fig. 3 (a) presents clustering intervals (CIs) of clustering protocols. Obviously, the average and the maximal CIs of NASC are much larger than those of CogLEACH and BCC, which implies a more stable CRSN topology of NSAC. Fig. 3(b) shows that the remaining energy of NASC in the same period is higher than those of CogLEACH and BCC. We also observe that the network lifetime (defined as the lifetime of the first dead CS in the CRSN) of NASC is much longer than those of CogLEACH and BCC. The advantages of NSAC over existing methods are attributed to the simultaneous consideration of spectrum dynamics and energy consumption during the clustering procedure.
V. CONCLUSION
A novel NSAC protocol for CRSNs has been proposed. Different from traditional clustering protocols, this letter has considered both energy consumption and spectrum dynamics while designing NSAC.
